are known to trigger anomalous hydrothermal activity (11) , aftershocks on a global scale (12) , tectonic tremor activity (13) , and slow-slip events (14) . The origin for this remote triggering of activity is believed to be the associated dynamic stress that is caused by the passing of the seismic waves.
We used the approach of Gomberg and Agnew (15) to estimate the level of dynamic strain Dx and dynamic stress Ds from the observed peak ground velocity (PGV), such that Dx ≈ n/c and Ds ≈ mn/c, where m is the mean crustal shear modulus (~30 × 10 9 Pa), n is the PGV (measured by the KiK-net, strong-motion seismograph network installed in boreholes together with the Hi-net sensors), and c is the mean wave phase velocity of the Rayleigh waves that propagate within the upper crust (~3 km/s). The dynamic strain caused by the passing of the seismic waves was one to two orders of magnitude higher than the static coseismic strain for Honshu Island. We thus conclude that the dynamic stress associated with the seismic waves emitted by the Tohoku-Oki earthquake was the main cause of the large seismic velocity reductions under the volcanic regions-in particular, the Mt. Fuji area, where the static stress change can be considered negligible. We then defined the seismic velocity susceptibility as the ratio between the observed reductions in the seismic velocity and the estimated dynamic stress. The distribution of these seismic velocity susceptibilities correlates with the main volcanic areas (Fig. 2B) .
The sensitivity of the seismic velocity to stress changes in the rock increases with decreasing effective pressure (16, 17) . Under volcanic areas, the effective pressure in the crust can be reduced because of the presence of highly pressurized hydrothermal and magmatic volcanic fluids at depth. We thus argue that the observed strong coseismic velocity reductions delineate the regions where such pressurized volcanic fluids are present in the upper crust. An important implication of our observation is that the seismic velocity susceptibility to stress can be used as a proxy to the level of pressurization of the hydrothermal and/or magmatic fluids in volcanic areas. So far, this susceptibility is greatest in the Mt. Fuji area and along the Tohoku volcanic arc, where it reached 15 × 10
, whereas it is more than 10 times smaller for the Cretaceous stiff plutonic regions of eastern Tohoku (Fig. 2B) .
Fluids are also known to have important roles in earthquake nucleation (3) . The volcanic areas where large seismic velocity susceptibility was observed were also characterized by large triggered seismic activity after the Tohoku-Oki earthquake (18, 19) , including a particularly strong (magnitude 6.4) earthquake that occurred 4 days after the main shock, near Mt. Fuji. This confirms that the crust in these areas is quite sensitive to strong transient stress perturbations. We argue that mapping the susceptibility of seismic velocities to dynamic stress changes can be used to image and characterize regions with low effective pressure, such as volcanic systems.
NEURODEVELOPMENT
Parasympathetic neurons originate from nerve-associated peripheral glial progenitors The peripheral autonomic nervous system reaches far throughout the body and includes neurons of diverse functions, such as sympathetic and parasympathetic. We show that the parasympathetic system in mice-including trunk ganglia and the cranial ciliary, pterygopalatine, lingual, submandibular, and otic ganglia-arise from glial cells in nerves, not neural crest cells. The parasympathetic fate is induced in nerve-associated Schwann cell precursors at distal peripheral sites. We used multicolor Cre-reporter lineage tracing to show that most of these neurons arise from bi-potent progenitors that generate both glia and neurons. This nerve origin places cellular elements for generating parasympathetic neurons in diverse tissues and organs, which may enable wiring of the developing parasympathetic nervous system.
A lmost all bodily functions are regulated by the autonomic nervous system. Most autonomic neurons arise from migrating neural crest cells, at least in the chick (1, 2). However, unlike the neural crest-derived sympathetic, sensory, and enteric nervous systems, for which the migratory paths and cellular origins have been studied in detail, little is known about the developmental origin of the parasympathetic nervous system. Available data have been difficult to reconcile in the mouse because migration of the cranial neural crest ceases around embryonic day 10 (E10), although cranial parasympathetic ganglia do not coalesce until around E12 (3, 4) . Schwann cell precursors associated with nerves produce myelinating and nonmyelinating Schwann cells, endoneural fibroblasts, and melanocytes during development (5) and can therefore be considered as multipotent stemlike cells. The role of Schwann cell precursors during parasympathetic development has not been addressed. We sought to understand how the cranial parasympathetic nervous system is built around the nerves that later in development are known to course through or serve the ganglia.
We used three-dimensional (3D) reconstruction of whole mouse embryos to address whether neural crest migration has ceased before formation SCIENCE sciencemag.org of the parasympathetic ganglia. The SRY-related high-mobility-group domain transcription factor (SOX10) labels neural crest cells (NCCs), Schwann cell precursors, and melanocytes (6, 7) . Our results demonstrated that SOX10 + cells were either nerveassociated or SOX10 + ;MITF + melanoblasts at E11.5 ( Fig. 1 , A to C), confirming that NCC migration has ceased at E11.5.
In chick, with the possible exception of a small number of cranial ciliary ganglion neurons (2), both glial cells and neurons of the autonomic system are of neural crest origin (8) , and SOX10 is rapidly down-regulated during neurogenesis. We performed inducible tissue-specific genetic tracing to study the origin of parasympathetic neurons from SOX10 + progenitor cells in mouse. Transgenic mice expressing the improved tamoxifen-inducible Cre recombinase (CreERT2) under the Sox10 promoter were crossed to the Rosa26R YFP reporter mouse strain that contains a floxed stop cassette preventing expression of yellow fluorescent protein (YFP). Activation of genetic recombination by tamoxifen injection at E11.5-E12.5 resulted in a majority of parasympathetic neurons being fluorescent at the analysis stage (E17.5), which also being paralleled by the analysis of recombination efficiency, confirmed that parasympathetic neurons entirely originate from SOX10 + cells allocated to the nerve sites (Fig. 1, D to H, N, and O; and fig.  S1 ). We observed a near complete lack of contribution from SOX10 + cells to parasympathetic neurons (only 2.29 T 0.97% neurons were YFP, n = 6) in experiment when tamoxifen was administered at E15.5 ( Fig. 1, I to M, N, and O). Similar results were obtained when analyzing trunk pelvic ganglia associated with splanchnic parasympathetic efferent nerve and parasympathetic ganglia of the heart (fig. S2 ). The association of SOX10 + cells with the nerves at E11.5-E12.5 ( Fig. 1 , A to C) suggests a nerve-dependent Schwann cell precursor origin of parasympathetic neurons.
The proneural basic helix-loop-helix (bHLH) transcription factor achaete-acute complex homolog 1 (ASCL1) and paired-like homeobox 2b (PHOX2B) homeodomain transcription factor are expressed in parasympathetic ganglia and are essential for their development (9) (10) (11) (12) 
Tomato reporter strain for genetic cell lineage tracing. 3D visualization revealed an absence of ASCL1 TOMATO+ parasympathetic progenitors at E11.0 (24 hours tracing) (Fig. 2, A to D) but presence at E11.5 (24 hours tracing) (Fig. 2, E and F). These first parasympathetic neurons were invariably identified at the greater superficial petrosal nerve (gspn, a branch of facial nerve VII, 2.0 T 0.29% cells, n = 3) and also at a nervous plexus formed by the oculomotor nerve (cranial nerve III, 21.83 T 0.44% cells, n = 3) and ophtalmic branch of the trigeminal nerve (V1, sensory nerve) (Fig. 2, E and F) . At E11.5, ASCL1
TOMATO+ cells were not found in the Jacobson's nerve (jn, tympanic nerve) and at the chorda tympani (ct) nerves (Fig. 2, G and H) . Oculomotor nerve, gspn, ct, and jn carry the preganglionic parasympathetic motor efferent (visceromotor) fibers for the ciliary, pterygopalatine, submandibular, lingual (intramuscular ganglia of the tongue), and otic ganglia. At E12.5, ASCL1
TOMATO+ cells were observed in association with chorda tympani nerve in the mandible and Jacobson's nerve (Fig. 2, I and J). The late emergence of ASCL1 TOMATO+ cells in chorda tympani coincided with later development of the tongue primordium. A nerve dependence was directly confirmed in the glial cell-line-derived family of ligands receptor Retnull mutant mice (Ret CFP/CFP mice). These mice specifically lacked the entire gspn and jn, whereas ct and oculomotor nerves stayed intact. The selective loss of only specific nerves directly correlated with a corresponding loss of pterygopalatine and otic but not lingual ( fig. S3 ) and ciliary ganglia (3), which are innervated by chorda tympani and oculomotor nerves. Hence, cranial parasympathetic ganglia arise from presynaptic nerves and occasionally from nerves that course through the future prospective ganglia (the sensory V1) (Fig. 2) . Consistent with the above results, ASCL1 TOMATO+ expression invariably arose from within the bIIItubulin-positive nerves and was initiated in cells expressing the Schwann cell precursor marker SOX10 at E11.5 (Fig. 3 , A to C). Schwann cell precursor survival and proliferation rely on Neuregulin-1 ligands inserted into axons forming the nerves, which signal to Schwann cell precursors through the ERBB2 and ERBB3 receptor heterodimer complex (13) . All ASCL1 TOMATO+ cells were expressing ERBB3 at E11.5 (Fig. 3, A to C) , identifying these cells as Schwann cell precursors. A cell-type switch was indicated by the finding that at E12.5, ASCL1
TOMATO+ cells had markedly reduced or absent expression of ERBB3 and SOX10 (Fig. 3, D and E, gspn) . In addition to ASCL1 TOMATO+ cells, PHOX2B + cells were invariably associated with nerves, although more broadly along the extent of the efferent preganglionic nerves (figs. S3 and S4). PHOX2B expression level was inversely correlated with that of SOX10 and ERBB3 (Fig. 3, F to J, and fig. S4) (Fig. 3, K to P) .
We next examined what happens with Schwann cell precursors when they fail to convert to neurons. Because ASCL1 is critical for specifying the parasympathetic fate, the fate of cells that normally should have induced ASCL1 expression can be addressed by means of genetic lineage tracing SCIENCE sciencemag.org by using Ascl1
CreERT2/CreERT2; Rosa26R Tomato/+ mice (Ascl1-deficient mice). Lineage tracing in control Ascl1
CreERT2/+ ;Rosa26R
Tomato/+ embryos activated by tamoxifen administration at E12.5 confirmed that parasympathetic neurons are specified at this stage because neurons of lingual, otic, pterygopalatine, submandibular, and ciliary ganglia resulted to be ASCL1 TOMATO+ at E17.5 (Fig. 4, A, C,  E, G, and I; and fig. S5 ). In the absence of Ascl1-in Ascl1
CreERT2/CreERT2 ;Rosa26R Tomato/+ mice-ASCL1 TOMATO+ -traced cells were associated with nerves, often at anatomical locations of the missing ganglia at E17.5 (Fig. 4, B, D, F, H, and J) . In the absence of Ascl1, ASCL1
TOMATO+ -traced cells expressed the Schwann cell precursor-related markers ERBB3, SOX10, SOX2, and brain fatty acidbinding protein (BFABP; also known as FABP7), showing that in the absence of ASCL1, cells remained as glial cells (Fig. 4, K and L, and fig. S6 ). Consistently, we never observed bIII-tubulin even in the remaining ASCL1 TOMATO+ ;PHOX2B + ;SOX10 -cells, which indicates a failure of neurogenesis ( fig. S7, arrows) . Rescuing neurogenesis through the replacement of Ascl1 by Neurogenin 2 (Ngn2) in Ascl1
KINgn2/KINgn2 mice (16) was permissive for a sustained PHOX2B expression, although the progenitor cell marker SOX10 failed to be repressed ( fig. S8 ). Hence, PHOX2B was insufficient for the repression of progenitor cell gene programs in the presence of NGN2. These results show that in the absence of a cell fate transition from glial progenitors to neurons, most of the cells that should have become parasympathetic neurons remain in nerves as glial cells.
To obtain insight on the competence of Schwann cell precursors generating parasympathetic neurons, we exploited the multicolor Cre reporter termed R26R-Confetti (17) . The reporter was crossed to Proteolipid protein 1 (PLP) (Plp CreERT2 ) mice. PLP is expressed in the glial compartment (5). Tamoxifen-induced recombination resulted in expression of one out of four fluorescent proteins (Fig. 4M) . Upon stochastic Cre induction by low-dose tamoxifen at E11.5 or E12.5 and collecting embryos for analysis at E17.5, individual cell clones originating from single PLP + glial cells were obtained (Fig. 4 , N and O). Quantification revealed a clonal relationship between neurons and glia in all parasympathetic ganglia, where recombination in individual Schwann cell precursors at E11.5 or E12.5 resulted in an average of 2.6 and 1.4 neurons at E17.5, respectively (Fig. 4P) . The percentages of neurons in mixed lineage clones were 38 and 30% when traced from E11.5 and E12.5, respectively (Fig. 4Q) . Thus, when traced from the earlier stage more neurons were generated, although the neuron/glia proportion remained unchanged. These results show that Schwann cell precursors are bi-potent, generating on the average a few neurons and two to three times more glial cells. Bone morphogenetic protein (BMP) family members act directly to induce Ascl1 and Phox2b (12), both of which are required for induction of the parasympathetic neuron fate (18, 19) . Thus, induction of a neuronal fate driven by rising BMP levels in nerves at sites of neuronal induction could explain the derivation of neurons of the parasympathetic nervous system from progenitors that otherwise give rise to Schwann cells. This interpretation is consistent with the observation that BMP7 is expressed at the site of ciliary ganglion formation (12) and that it has been implicated in induction of parasympathetic neurons from sciatic-nerve NCCs (20) . In contrast to broad expression of PHOX2B along the nerves associated with parasympathetic ganglia, ASCL1
+ cells are restricted to the distal nerve sites at the future coalescing ganglia. Consistently, genetic tracing confirms that ASCL1 is intimately associated with a neuronal fate. Thus, our data describe the origin of the parasympathetic system, in which its neurons are recruited from glial progenitors dwelling in cranial and trunk nerves by a local induction of ASCL1 ( fig. S9 ). The parasympathetic nervous system develops later than the sensory and sympathetic nervous systems and is located closer to the target tissues. Our results explain how derivation of postsynaptic neurons from nerves solves the problem of building nervous ganglia in distal peripheral tissues and organs during postneural crest developmental stages.
